Schizophrenia patients showed significantly augmented lower range frequency activities in beta, alpha, theta, and delta ranges during the MMN paradigm. MMN and theta-alpha oscillations were significantly heritable traits. Low frequency activities were robustly associated with MMN, although the exact relationships were altered by schizophrenia.
h i g h l i g h t s
Schizophrenia patients showed significantly augmented lower range frequency activities in beta, alpha, theta, and delta ranges during the MMN paradigm. MMN and theta-alpha oscillations were significantly heritable traits. Low frequency activities were robustly associated with MMN, although the exact relationships were altered by schizophrenia.
a b s t r a c t
Objective: Theta-alpha range oscillations have been associated with MMN in healthy controls. Our previous studies showed that theta-alpha activities are highly heritable in schizophrenia patients' families. We aimed to test the hypothesis that theta-alpha activities may contribute to MMN in schizophrenia patients and their family members. Methods: We compared MMN and single trial oscillations during MMN in 95 patients, 75 first-degree relatives, 87 controls, and 34 community subjects with schizophrenia spectrum personality (SSP) traits. Results: We found that (1) MMN was reduced in patients (p < 0.001) and SSP subjects (p = 0.047) but not in relatives (p = 0.42); (2) there were augmented 1-20 Hz oscillations in patients (p = 0.02 to <0.001) during standard and deviant stimuli; (3) theta-alpha (5-12 Hz) oscillations had the strongest correlation to MMN in controls and relatives (DR 2 = 21.4-23.9%, all p < 0.001), while delta (<5 Hz) showed the strongest correlation to MMN in schizophrenia and SSP trait subjects; and, (4) MMN (h 2 = 0.56, p = 0.002) and theta-alpha (h 2 = 0.55, p = 0.004) were heritable traits.
Conclusions: Low frequency oscillations have a robust relationship with MMN and the relationship appears altered by schizophrenia; and schizophrenia patients showed augmented low frequency activities during the MMN paradigm. Significance: The results encourage investigation of low frequency oscillations to elucidate the neurophysiological pathology underlying MMN abnormalities in schizophrenia. Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Schizophrenia patients often show abnormalities in mismatch negativity (MMN) (Javitt et al., 1995) although the underlying etiology is still under intense investigation. MMN is elicited by an auditory oddball series where rare deviant sounds are presented during a stream of common standard sounds (Naatanen et al., 2007) . MMN typically peaks between 150 and 200 ms after stimulus onset. It is based on subtraction of time-locked components of the standard vs. rare event related potential (ERP) waveforms.
Interestingly, two recent studies showed that lower range frequency theta and alpha oscillatory activities contribute to MMN in normal controls (Fuentemilla et al., 2008; Hsiao et al., 2009) , and deviant stimuli are known to elicit MMN waveforms with spectral amplitude peaking in the 3-9 Hz range (Javitt et al., 2000a) . Theta-alpha range neural oscillations during sensory gating were previously shown to be a robust and heritable electrophysiological component underlying the traditional ERP P50 gating (Hong et al., 2008) . Specific neural oscillatory abnormalities linked to the pathology of schizophrenia may be present regardless of tasks and may influence basic neural functions of electrophysiological findings in schizophrenia. Here, we tested the hypothesis that theta-alpha neural oscillatory activities may also be associated with MMN abnormalities in schizophrenia.
